Introduction
Since the identification of the cystic fibrosis transmembrane regulator (CFTR) gene in 1989, many mutations have been identified in cystic fibrosis (CF) patients. However, a significant percentage of the CF alleles still remain unidentified in most of the studied populations, even after extensive studies of the CFTR gene. It was proposed that the presence of large genomic rearrangements in this gene could account for part of the disease-related alleles that remain unidentified. These mutations, if present at the heterozygous state, elude the common PCR-based techniques for mutation detection, including direct sequencing, and denaturing high-performance liquid chromatography (DHPLC).
In a recent article, 1 the authors reported the first systematic screening of the CFTR gene for the presence of large genomic rearrangements in CF patients. They used a recently introduced technique, the quantitative multiplex PCR of short fluorescent fragments (QMPSF),
Subjects and methods
A sample of 188 North East Italian CF patients (for a total of 375 alleles, one allele being counted once in two cousins) was collected. The CFTR gene was extensively analysed in these patients to detect CF mutations by DGGE or DHPLC analysis (Bonizzato et al, 3 http://spazioinwind.libero.it/ laboratoricf), in order to determine the CF mutation frequency in the population. In this study, DGGE/DHPLC screening showed a mutation detection rate of 93% (349/ 375 alleles). In fact, after this study, 24 patients still bore one unidentified CF allele, and one patient had both alleles carrying unidentified CF mutations, for a total of 26 (7%) unidentified CF alleles. All patients had a classical form of CF with typical pulmonary and/or gastrointestinal findings, and positive or borderline sweat test. The 27 exons of the CFTR gene were screened in these patients with the QMPSF protocol as described by Audrezet et al. 1 QMPSF is a semiquantitative PCR assay based on the simultaneous amplification of multiple short target sequences, followed by the rapid and reliable quantification of each amplicon. DNAs from all patients were amplified using six multiplex PCRs, designed to amplify with fluorescent primers (6-FAM) the 27 exons of the CFTR gene. Amplified DNA fragments were separated on ABI PRISM 310 DNA sequencer and analysed with Genescan software 3.1 (Applied Biosystems). Peak heights of the amplicons obtained from each patient were normalised with a reference gene (exon 2 of hemochromatosis (HFE) gene), and then compared with those generated from a normal control. A two-fold reduction in the height of a peak indicates the deletion of the corresponding exon.
Results
Overall, 5/26 (19.2%) rearranged alleles were detected, as shown in Table 1 . Taking into account the total number of CF alleles of the sample, 5/375 (1.33%) alleles had a large gene rearrangement. Two different rearrangements were found in five patients. Mutation 3120 þ 1Kbdel8.6Kb was found in three patients, and it was confirmed using a specific PCR assay, with primers from both sides of the breakpoint junction (as described by Lerer et al 4 ).
Mutation c.4_IVS1 þ 69del119bpins299bp was found in two patients, and it was confirmed using a specific PCR assay with primers from both sides of the breakpoint junction (Audrezet, personal communication) .
The name of these two mutations is the same adopted by the groups that first described each rearrangement. A different nomenclature and CFTR gene numbering were used by the two groups. In the first case, 4 the current CFTR gene numbering (being the A of the ATG translation start codon numbered þ 133) was used. In the second case, 1 the nomenclature is in accordance with the Human Genome Variation Society (HGVS) recommendations, 5 with the A of the ATG translation start codon numbered þ 1. In all patients, the rearrangements are present in compound heterozygosity with a common CF mutation (F508del, G542X, or Q552X). All patients are pancreatic insufficient with a positive sweat test. FEV1 is variable in carriers of c.4_IVS1 þ 69del119bpins299bp mutation: one patient (30 years old) had 27% predicted, while the other (8 years old) has 100%. Among carriers of 3120 þ 1Kbdel8.6Kb mutation, FEV1 is available for only one patient (25 years old), who has 88% predicted.
Discussion
The first rearrangement (3120 þ 1Kbdel8.6Kb) found in this study is a deletion of exons 17a -18, previously described in Palestinian Arab CF patients with a severe CF. 4 This mutation removes about 8.6 kb of the CFTR gene, from the 3 0 -end of intron 16 to the 5 0 -side of intron 18, and was predicted to cause an in-frame deletion of 160 amino acids (from 997 to 1156), which are part of the transmembrane domains 10 -12 of the CFTR. 4 The 3120 þ 1Kbdel8.6Kb rearrangement seems to be relatively frequent (0.8%), and therefore it is being considered for inclusion in the panel of the most frequent CF mutations utilised for diagnostic purposes in the Italian population. 6 The second rearrangement (c.4_IVS1 þ 69del119bpins 299bp) is an ins/del mutation involving a deletion of 119 bp, which removes nearly the entire coding sequence of exon 1 (from nucleotide 4 to nucleotide 69 of intron 1), with the insertion of 229 bp, corresponding to part of the downstream sequence of intron 1, but with an inverted orientation. 1 This mutation was previously identified by QMPSF analysis by the Audrezet et al 1 group in a French patient with a classical form of CF. It was predicted to Those samples that still bear undetected alleles after this second step could be analysed by QMPSF. In this way, it would be possible to maximise mutant allele detection rate in the reported populations, with evident implication for genetic counselling of CF patients and their families. Of course, the higher the mutation detection rate in the population, the higher is the possibility to detect both mutations in a CF patient, allowing a direct analysis of the family CF mutations for prenatal diagnosis and cascade screening in relatives of the CF patient.
Screening for large CFTR gene rearrangements should be extended to other populations in order to have a more general estimate of the type and frequency of these mutations, and to identify the presence of common rearrangements in a given population.
